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In the cmrse of a f l i gh t   t ea t  of a supersonic research 
pilo+Lea.8 aircraft (the EAC4 RM-11, lerge-amplitude dleron 
oscillatims, probably aiiercn compressibility  flutter, were 
encountered in the  transonic an& superaanic speed ranges. The 
wFng w8.8 oscillating at t h e  8tma fraquency a8 the aileron. The 
aircraf% W ~ B  equipped with  45O swept-back wings of symmetrical 
NACA 65410 afrx'oil sectfon. Ccmpletely mass4alnnced ailerons 
with 203 beveled t r a i l i n g  edges were in8tcrlled on tFie winge, The 
ailerozs were free f L o a t l r : g  Kith EO mechanical. restraining force 
other than the friction of the aileron hinges and servomschanism 
bemiage throughout the high-epeed interval of flight. 

Flight data are presented ehowing the free-flcwting and 
.oscillatory characteristice of the wing and aileron throughout 
the flight, It fe shown t3at aileron vibration occurred at flight 
velocities corresgmding t o  a Mach number range from 1.03 to 1.4. 
The frequenciee of' the  afleron and wing oscillatianff were idenkical 
at a given Mmh nmber, were of the order of 100 cycles per secmd, 
and increased with P!ch number. The t s e t  data indicate that aileran 
compressibilitg flutter, cclilsfdered 88 8 phencmenon associated with 
the  flaw pat tern at supercrit ical  Mach numbera, is delayed i n  
appearance 3ut not, prevented by smepback. A t  high su'osonic speeds 
the data  Indicated t h a t  t h e  beveieC-edge aileron was underbmced  
& large deflections and over3aLmced at mall def lect'ions. A t  
Mach nm'bers above O.w, however, the aiieron became overbalanced 
over a larger hflectfcm range until a Mach number .of 0.93 wae 
reeched. Above a Mach number of' 0.95 t h e  aileron became befinftelr 
underbalanced. 
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A standard €.PI-1 s t ab i l i t y  a d  control reeearch pllotleae i t ?  rcraf t, 
completely described  in  reference 1, was equipped with a w i n g  rolling- 
moment balance and a c~ntrol-poeiti~n ir,dicatar for the pmpoee of 
laeasuring the r o l l i n g  mamts pmducedbg alleran deflection at 
trrinsanic and supersonic epee&. Daring t h e  flight of thl~ model, 
the internal powcr supply to the autoxatic pf lo t  and ailerm oervo- 
mechm-wne fai led.  A f t e r  tne  power fa i lure ,  the a tma t i c  pilot and 
aileron sorvomechmisms becme inoperative, and the uilera18 were 
left free floating eth no mechanical restraining force other than 
the friction of the aileron hlngea and eervcanechanisn bearings. 

The telemeter dak obtained frm t h i s  flight indicate that the 
winge and ailerons exgerionced hig!!-frequency oecfl3atime in the 
transonic and low supersonic speed r a r ~ g e a .  Although this flight 
wa8 not intenCed to be EL f l u t t e r  or vibration investigation, the 
results of  the test  are presented at this time in v i e w  of the current 
interest i n  a i l e r a  ccmpreesibility f lutter experienced on high- 
speed airplanes . 

L roll ing moment; positive to  the right 

6, aileron deflection; poa i t i ve  when cauaing roll to the right 

g acceleration of gravity, 32.2 feet per eecond per second 

M Mach number 

Model 

The ateadard RM-1 o k b i l i t g  an& control research model conaiets 
of a cylindrical body of finenees ratio 22.7 eqdpped with four 
crucifom wings m d  f o u r  crucifom fin3 . !The wings and f I n s  are 
smpt  back 45O m d  w e  of comtsnt  chord NACA 65-010 a i r f o i l  section 
normSL to the leading edge. FS@m 1 is s photograph of the 
EM-1 model, equipped with a b O O S t 6 r  rocket, mounted on its launching 
rack. The model, booetor, and leunchlng equipent are carqpletely 
deecribed in reference 1. 
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Two d l a m e t r i c d ~  opposite w i n g a  are equi-pyeb with ailemns 
Figure 2 is a phobgraph of the xlng-aileron combination, and 
f igne  3 is 3 eketch ehmlng the detail dfmensians of the wZng 
and aileron.. The ailerons are 0.10 wfng chord, 0.33 kqng seanispan, 
and lw-percent ma8 baZEurcea; they have EL m0 beveled trailiw edge 
and a molcent  of iner t fa  of 0 .OUOOlU2 slug-feet 8quaPed about the 
hinge l i n e .  Stops are provided on the  aileroner t o  Umit their  
travel to  fl.00. 

Electramguetic aervmechanisras are uaed to actuate the aileron8 
which function BB a flicker-type  control; that is, they are 
deflected  in either one extreme position or  the other at all. .times. 
The sense of deflection is detemnfned by a r o l l - s t a b i l i z a t i m  
automtic pilot described in reference 1. 

?, control-position indicator was installed OR the ai leron 
servmechmism. Figure 4 is a eketch of the aileron, eervomchanism, 
and 2osition-indicator arrangment. Although the lndfcator was not 
mounted directly an the aileron becmae of space L i r a i h t i a s ,  tkre 
l m t m e n t  waa calibrated i n  t e r n  of allleran deflection . Only 
one of the two ailerons was equipped with a position indfcator . 
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When the suataining r-ocket wan fired,. the power supply t o  the 
aileron servomechanisna, automatic pilot, md telemeter switching 
motor failed. Thereafter, the  ailorone w e r e  free f loat ing and tne 
automatic pilot becane inoperative, thus iilvdidating the  .&e-Of- 
bank data.  After t h e  power failure, the mltchiag motor stopped, 
allowing %ranmission of a.ccelemtion b t a  only .  These data In 
addition to rolling-3noIEant m d  control-pusition &ta were consequently 
the anl;g item6 measured f o r  nos t of the duration of the f l i g h t  

Figure 6 ie a plot of l o e t u i n d .  acceleration against time 
f o r  the initial and high-speed Interval of tho flight. . 'Izlsse dat% 
were converted to the velocity V8lUe6 shown i n  figure 7 by the 
Uet'fiOd of reference 1. Also  plottod on figure 7 are corresponding 
velocity d a , t a  obtained Pram C . W. "pp le r  radar and from total- 
pressure measurmente obtained p r i o r  t o  power f a i l u r e .  The 
velocity data ahow that the R"1 model reached a pet-& velocity 
of 137'0 f ee t  per eacond which corresponded b a Mach number of 1.395 
Agreement between velocity vaiuea cbtained by the varioue techniques 
wae good. 

Poweran Flight 

Telemeter recorda shclwed that  n o m 1  operation of the alleran8 
and aukmatic  pilot  WBB experienced prior t o  the power failure 
The model s tabi l ized in roll during IAia period, -and a rolling 
o e c i l h t i m  of '3 .5O ampldtude waa obtained up to the time the 
sust3inLng rocket ignited (5.8 seoonda) . M t e r  thi3 -6, the 
control  w a a  free r ' loacing. Figure $(a> showa the aileron behavior 
and Mach number vnriation for t f ie  time tho s u s t w  rocket was 
fir ing.  Those c h t a  are cross-plotted i~ figure 8(b) to ahow the 
v a r i a t i m  of control deflection w i t h  Mach nmber I 

The data presented in figure 813) show that when power fa l lod  
(M = 0.6 approx .) %he control w8.s. at ftiU defloctlan and was 
slightly underbalanced in thin def lectlan rmge aa s h m  by i t s  
drift back t o w d  neutxal posi t ion.  A t  highel- subsonic veloc i t ies  
(14 = 0.8 to 0.9) t ? e  control trFmmed tat a conetant 3eflectfou of 
approximately -2.3O indicatfng thereby that  t h e  cantrc;l x38 over- 
balanced a t  amaller  deflections . The possibility that the 
-2.3O deflection is the result of ou t -o f - t rb  moments  has been 
coilsidered; ha rmer  informatian t o  be presanted la ter  herein 
discounts th i s   poss ib i l i ty .  The tendency of the control to over- 
balance at amall deflectione is characteristic 0.0 beveled-ed@& contlm13 
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and is eaeociated  with boundary-lepr effect& upon the pressures 
over the trailing-edge  bevel.  Reference 2 preeente a comprehensive 
discuseion of this phenamenan. 

A t  Mach nunibere between 0 .go and. 0.95 the floating angle of t h e  
aileron  increased  abruptly'hdicating  overbalance  over a larger 
deflection range. A furtbsr increase In velocity reversed this 
effect  and the control  quickly  returned to It8 neutral  poaition 
remaining there until the peak Mach  number of 1.395 waa reached 

The testa reported in reference 1 show that the FM-1 a i r c r d t  
experiences marked drag r h e a  aesociated with shock formation at a 
Mach nuniber of approximately 0.95. The overbalancing of the control 
at  Mach numbers s1ight.L~ leas  than thie value is thought to be 
aesocfated w i t h  t,he thickening-boundary-lager effects and flow- 
separatfon effects ae shock forms on the wing. Reference 3 (p - 62) 
shows that Fncreaslng boundary-layer thickness fncreases the 
balance of trailing-edge. controls '- largest increases in  balance 
being evidenced by controls with large t ra i lhg-edge angles. 
Tests of a P-63n-6 afl-plane (raference 4) show a large increase in 
balance of an aileron contrd. a t  slightly subcrit ical  speede, 
similar to that observed in  the subject test. Eeference 4 ascribes 
the phenomena to flow separation accompanying aesyaanetrical shock 
fornaFttion upon the upper and lover King surfaces . 

The s t i f f e m  of' the R"1 aileron cmtrol at Bupercrit icd 
and superaanic speed Le probably due t o  the usual redistribution 
of chordwise 10- in a reEbl-Kard direction induced by the 
establiehmerst of auperaonic flow condltians mer the ~3%. 

Coasting Flight 

After the eustaining rocket ceased f i r i n g  and precieely at 
the t h e  the fomsrd accelekation pasaed through zero, a vfolent 
high-frequency oecillation  occurred 011 the aileron and wing. 
The failure of the aileron8 to  vibrate during the accelerated 
portion 0," the flight probably can be attributed to t h e  restraining 
forces in the semomechaniEuns which were mounted in such a manner 
that the large forward acceleratime of 6g to 8 g  could increase 
their friction  considerably. Once the oacillatian occurred, 
however, the f r ic t ion  forces cauaed by the amall deceleratims 
in coasting flight  apparently had little influence upon the 
aileron behavfor . 

Figure 9(a) shcws a tine h i s t o q  of the aileron behavior i n  
coasting flight, and rU figure g(b) these data are reerrwed t o  
&ow the  variation of aileron deflection with Mach  number. - 



The data presented in figure g(b) show that t k e  aileron 
oscillated with an amplitude of full 210" deflectidn over the 
entire supereonlc range of velocit ies.  A8 the velocity fell below 
a value correeponding to  a Ynch number of 1 .O3, ei*rstic aileron 
behavior wa8 03served the transonic regton, and at 8Ub8OniC 
speeds the aileron agsrtn floated a t  a. ~llliill deflection of 2.4O. 
This  &flection .is approximate- equal to the trim deflection noted 
a t  aubsonic apeeds in-accelerated fli&t; however the  deflection I s  
now positive rather t i m n  negative and thsrefore mbettfntiatee the 
i&ea that the deflection  indicates  overbalance of t h e  control and 
not merely an out-of-trim  position': . .  . 

A high-frequency'wing oscillation accmganied the alleron 
osci l la t ion a t  =ill tiraes.. The characterist ics of this wing 
06c"bicm a8 evfdenced by rolling-nment data at the e t a r t  and 
a t  the end of the  vibration per!.od am presented in figure8 W(R) 
and 10(b), reepectively . It 18 believed th-rt t b e .  mpli tude of the 
wing vlbratlon BB shorn by them data represents approximately 
50 percent.of t !?e actual magnitude. m e  exact prcentage is not 
definitely known however bemude a frequency reepmme teat uf the 
recording i n s t m e n t  was not made at t he  time of the flight bu-i; 
at some time afterwards, and the inetnunent chrzacterietfce may 
be  aubject to change over a period of time. l b e  modulation of the 
r o l l i n g - m e n t  record, prevalent except for  the Last halp secmd 
of the vibration perlod, is believed t o  be due to iieficiancies in 
the reccirding equiprueat when operating at freguenciee outeide of 
i ts Cesign range . 

The frequency chueicteristics of the wing and aileron  vibration 
are shown platLed against Mach Ilumber in figure 11. Them data 
show t h e  w w j  and allsrons vibrated at the Bane frequency for any 
given Mach number and t h c t  t h e  frequency of t h e  wing and aileron 
oaci lh t ions  increased ath increase Gf Mach number. 

The f l u t t e r  speed of swept-back W f n g ~  of the tne u e d  on 
the R"1 cannot be calculated a t  present. Vibration teate  were 
therefore -de on a wing rolling-moment b d c e  s e t q  identical 
t o  that uaed on the model reported herein. These terjte showed 
tha t  the f i r s t  symmetrical bending frequency wa8 21 Cycle8 
per seccnd with the node a t  the root chord and that the Aymaetrical 
torsion frequency wae 75 cyclea per second with the node line 
approximately para l le l  to the-leading edge and a t  a &Letance of 
48 percent, of t h e  wing chord behind it. In the simplea t t n e  of 
C I A B S ~ C ~ .  wlng f lu t t e r ,  t h e  flutter frequency word& be expacted t o  
lie between thoee of f i r a t  bending and f i r s t  toreion  frequencies 
However, the frequenciea of the vibrations recorded in the flight 
tests (90 t o  la cycles per second) were comfderably higher than 

. " 
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the wing structure frequencies  measured. It is probable therefom 
tht the f l ight  oscil lntiona did no t  represent & c h s e i c a l  f l u t t e r  
condition but  rather were & s S ~ ~ F a t e d  wlth the phenomenon known 
&a "aileron buzz" or aileron campreoalbilitg flutter hitherto 
encountered o f i y  on straight wing-aileron combfnations of 
n a s y m r e t r i c d  a f r fo f l  s e o t i u n ,  e,t supercrfticctl epee& Flight 
tes ta  of a B e l l  ~ - 6 3 ~ - 6  sirplane r e p r t e d  in   reference 4 ad. 
wind-tunnel t e s t s  of a modern high-sped-alrphe w i n g  mnde I n  
5he' Amos 16-foot hi$h-speed tunnel show aileron and wing oecillatfone 
a t  high speed sirolhr ko those obeerved . i n  the subject test. It 
is  believed that afleron c o q r e s a i b i l i t y  flutter is associated 
with a couplir@; of the varfationa of the r e h t i v e  in t ens i t i e s  of 
t'ne upper-surface and lower-surface shock waves wlth aileron motion. 
The conditicm m i g h t  be csnsrdersd to be a f lu t te r   condi t ion  
requiring onLj .one degree of freedam, thqt is, aileron ro ta t ion  
about its hinge line. The wing oscilletion i e  believed to the 
the r e s u l t  of f l o w  and load changed induced by the aileron and 
i n  the case of the €H-1 model w a e  probebly timplified in in tens i ty  
by the flexibility of the wing and rolling-mment bdance  sgstom. 

It is  deduced from the l?"l t e a t  data thst aileron compresei- 
b i l i t y  f l u t t e r  is not aep-nt upon camfjer f o r  i ts  appearance and 
that i ts  q p e a r m c e  ie delapd, but not  prevented by me of 
eweepback . 

The &ata in f igme 10 (b) ahow that both the win& and ailarm 
oscil latlcms stop a t  approxiplately the same Yach number ( 1  -03) 
at which the a i le rons- rega i~ed  c m t r o l  an the HM-1 flight reported 
in reference 1. A8 the velocity xaa reduced pas t  the velocity 
correapondbg to  %!!is value, Yae aileron df& m t  &ow t h e  large 
degree of o v 6 r b ~ c e  noted a t  n o w - c r i t i c d  spee& in accelerated 
flfght but  Instead appared to regain i t s  subamic characteristics 
without aFpreciable transftion It is .-possible that the violent 
ai leron  oaciUat ion in 'the supersonic region may have damaged the 
control-position lndfctitor cawing faulty reedings. Another more 
likely e q l a n a t i m  rimy be that shock conditions on the wi.ng do not 
disappear in the same manner i n  w M c h  they are formed It mag be 
that the wing shock waves vanish abruptly 88 the velocity is 
decreased thrmgh the cr i t ical .  speed rathsr than by a gmduel 
yroceas of wedcaning intensity. Such pmceare would explain t he  
aileron behavior of the RM-1  m&el at traneanic and auballvaic 
velocities in coastag flight. 
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Based o n -  free-floating aileron data oblalned in a flight t o 8 t  
of EL auperBonic research pi lo t l e s s  a i rc raf t ,  tile following 
conclusions 31% drawn: 

1 A large -amplitu& high-frequency oeci lh t ian  of the aileron 
and w i n g  w3.8 encountered in the super~anic ream on B swept-back 
wing with a free-floating aileron having a hi@ degrea of aero- 
dynamic bslance end cmplete m&8a balance * 

3. The- flutter obaerved in the subject t e a t  is eimil~tr  in 
nature to the phenomenon called aileron cnmpree8ibility f l u t t e r  
hitherto observed 011 high-speed etraight-wing aircraft of 
nonaymetrical section f lying a t  or above their critfcal velocity. 
It 18 thue Fndicated that aileron compresaibilitq f lu t t e r  is not 
dependent upon cmiber for its occurrence and is p r l m w i l y  a 
Mach n&er effect which may be delayed, but  not  prevented, by 
uae of meepback. 

4. At high aubsonic veloclt iee the bevel-eiiged aileron, although 
underbalanced at large deflecticnm, W P , ~  overbalanced at m d l  
bef lectiana . 

Lmgloy Memorial Aeronautical Laboratm1.g 
Nation& Advisory C m t t e e  for Aeronautfca 

Langley Field, Va. 
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Figufe 1.- R"1 with booster mounted on launching rack; - 
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Figure 2.- FLM-1 wing-aileron combination. - 
. .  . 
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